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Summary. A laboratory experiment was carried on the microbial use of Allium ursinum L. 
litter in a calcareous beech (Fagus sylvatica L.) forest soil. Non-labeled and '^C labeled litter 
of A. ursinum and beech was applied to differentiate between C originating from the two lit- 
ter types. The earthworm species Lumbricus rubellus was added to part of the microcosms. 
Cumulative '4C mineralisation and microbial 14C incorporation served as parameters for the 
C turnover of the microflora. The experiment lasted for 34 days. 

About 1.6 % of beech litter C and 47 % of A. ursinum C had been mineralized in the non- 
earthworm treatments at the end of the experiment. Litter of A. ursinum may thus partly com- 
pensate a potential C deficit of the decomposer community in early summer. The high meta- 
bolic quotient (q'*CO,) indicates that decomposition of A. ursinum litter may significantly 
increase the nutrient availability in the soil of the Göttinger Wald area in early summeér. This 
effect could even be amplified by the fact that A. ursinum litter also increased the metabolic 
quotient of the microflora colonizing beech litter. 

L. rubellus used C from both litter types for biomass production. Strong incorporation of 
A. ursinum C seems to be due rather to better usability than to selective ingestion. Increased 
14C mineralisation and decreased microbial 14C incorporation indicates that small and fast 
growing microorganisms are favored in earthworm worked soil. This was not fundamentally 
altered by litter quality. Depression of !4C mic by L. rubellus to almost identical values in all 
litter treatments indicates that microbial growth was limited. The fact that A. ursinum litter 
did not modify the effect of L. rubellus on the microbial use of beech litter indicates that C 
and N availability did not limit the microflora. 
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Introduction 


Litter quality is one of the major variables driving decomposition processes (Heal et al. 
1997). Mixing of different litter types has been suggested to affect decay rates and nutrient 
fluxes (Seastedt 1984). However, only a few authors have attempted to include substrate 
heterogeneity caused by the simultaneous availability of different litter types into their studies 
(Blair et al. 1990; Sulkava & Huhta 1998). In particular, the role of the understory vegetation 
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in forest stands has been widely overlooked (Gozs 1984). Wise & Schaefer (1994) hypothe- 
sized that herbaceous litter alters decomposition processes in the soils of temperate beech fo- 
rests, because it has a higher nitrogen content and a lower content of structural polysacchari- 
des than the leaves of canopy trees. Timing of the litter input from understory vegetation is 
also important. For example, Scheu (1997) argues that the sudden input of nettle litter in fall 
increases the risk of N loss, because the nutrient uptake by the trees of the investigated beech 
forest stand is low at this time of the year. A quantification of the effect of litter mixtures at 
the level of the ecosystem thus has to take the combined effect of various variables into ac- 
count, including the quality and quantity of the different litter types and the synchronization 
between litter input and other components of the ecosystem. The relationship between re- 
source quality and the activity of ‘soil engineers’ seems to be particularly important in this 
context. Soil engineers such as earthworms are edaphic organisms that are able to directly or 
indirectly modulate the availability of resources to other species through their mechanical ac- 
tivities (cf. Lavelle 1997; Stork & Eggleton 1992) and may thus significantly affect the use of 
different C sources by the decomposer community (Wolters 1999). 
The laboratory experiment reported here focussed on the decomposition of Allium ursinum 
L. and of beech (Fagus sylvatica L.) litter in a calcareous beech forest soil (Góttinger Wald, 
Germany). Large areas of this site are covered by almost pure stands of A. ursinum (Hóve- 
meyer 1995). Decomposition of A. ursinum litter has been proven to considerably accelerate 
the mineralisation of soil organic matter in the northern Vienna forests (Jandl et al. 1997). 
Earthworms significantly affect both the performance of the decomposer microflora and the 
growth of trees in the beech forest investigated (Scheu & Wolters 1991; Wolters & Stickan 
1991). Lumbricus rubellus Hoffm. was thus added to experimental containers to analyze the 
relationship between earthworm activity and litter quality. The following hypotheses were 
tested: 
— The microbial use of carbon is different for beech litter and A. ursinum litter. A. ursinum lit- 
ter modifies the decomposition of beech litter. 
— Earthworms alter the C use of the microflora, but this effect is different for different litter 
types. The effect of L. rubellus on a resistant C source such as beech litter is modified by 
the availability of herbaceous litter. 


It is difficult to quantify the microbial use of carbon originating from various sources un- 
der natural or semi-natural conditions. This strongly limits the conclusions that can be drawn 
from experiments with litter mixtures (Blair et al. 1990). To overcome this problem, the pre- 
sent study was carried out with combinations of non-labeled and !4C labeled litter of A. ursi- 
num and F. sylvalica. The study is part of a project focusing on the factors controlling the di- 
versity and function of the decomposer community in European forest soils funded by the EU 
(Huelsmann et al. 1997). 


Materials and Methods 


The soil used for the experiment has been sampled in the Géttinger Wald (southern Lower Saxony, Ger- 
many), a beech forest situated on a plateau 400 to 420 m above sea level (Wolters & Joergensen 1992). 
The area is covered by 100 to 130 year old beech trees (Fagus sylvatica L.). The annual mean tempera- 
ture is 7.9*C with mean annual rainfall of 720 mm. The bedrock is Triassic limestone, with the humus 
type mull. The soil is classified as Rendzina [Orthic Rendzina (FAO), Typic Rendoll (USDA)] (clay 
content 47 % dry wt of soil, pH 8.3, 257 meq exchangeable cations kg-! dry wt, Corg content 8.2 % dry 
wt) (AK Bodensystematik 1985). After removal of the organic layer, the upper 10 cm of soil were taken 
and transferred to the laboratory. Sieved soil (<2 mm) was stored in 101 plastic containers at 4°C un- 
der conditions of permanent darkness until use. 

Labeling was carried out in a plant growth chamber (WEISS 2100E, Germany) with plants planted 
into plastic pots. «CO» was released by adding phosphoric acid (50 %) to !4C labeled NaHCO,. The 
time-course of labeling was different for the two plants. A. ursinum was collected at the study site by 
digging immediately before the leaves emerged from the soil in early spring and transferred into the 
growth chamber. After a period of two months (i.e. a period of time corresponding to the vegetation 
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period of A. ursinum), the leaves started to turn yellow. Then the above ground parts of the plants were 
removed, dried (45 °C) and stored at 4°C until use. For beech, ten year old trees were kept for two years 
in a '4CO, enriched atmosphere. The leaf litter used for the experiment was collected immediately after 
leaf fall of the second year. After breaking down the leaf litter into small particles («1 mm), soluble car- 
bohydrates were extracted with a methanol-chloroform-water mixture to leave the structural compo- 
nents of beech leaf litter (cf. Dickson 1979). Only these leaf particles were used, because the experiment 
focused on decomposition processes in early summer (i.e. a time of the year when most of the soluble 
C compounds of beech litter has been leached or used by the microflora; Joergensen 1987). For brevity, 
the structural components of beech leaf litter are referred to as ‘beech litter’ below. The C content of 
beech litter was 48 %, the C:N ratio was 55. The corresponding values for A. ursinum litter were 46.5 % 
and 13.2 respectively. The specific activity of beech litter amounted to 27 nCi mg! C, that of A. ursi- 
num litter to 36.5 nCi mg” C. 

The experiment was carried out in 24 microcosms (cf Wolters 1989). The experimental chambers 
consisted of 15 cm lengths of perspex tubing (6 cm internal diameter) sealed onto ceramic plates. Ma- 
trix potential of soil was simulated by creating subpressure below the ceramic plate. Evolved 14CO;-C 
could be absorbed in a 1 M NaOH solution filled into a small vessel attached to the underside of the lid 
of the experimental chambers. Field moist soil (85 % WHC) corresponding to 38 g dry wt was filled into 
the microcosms and compressed to field density. 1.5 g non-labeled beech litter that had fallen at the 
study site in the previous fall were placed on top of each soil column to simulate the natural litter layer. 
This corresponds to 530 g leaf material m2, i.e. roughly the average amount of beech leaf litter in the 
litter layer of the study site (cf. Schaefer 1990). 90 mg of '4C-labeled beech litter were added to 16 
microcosms, 60 mg of !4C-labeled A. ursinum litter were added to the remaining 8 microcosms. 60 mg 
of non-labeled A. ursinum litter was added to 8 microcosms containing labeled beech litter. One adult 
L. rubellus was added to half of the containers of each litter treatment (fresh weight: 500-1000 mg). The 
worms had been kept in soil identical to that used for the experiment. The experiment thus consisted of 
3 litter treatments (labeled beech litter, labeled A. ursinum litter, labeled beech litter plus non-labeled 
A. ursinum litter) and two earthworm treatments (with and without L. rubellus). The microcosms were 
incubated at 10°C under permanent darkness (relative air humidity 60 %). They were opened every 1-2 
days for approximately 20 min. to allow gas exchange. Rainfall was simulated by applying 10 ml of 
water to the experimental chambers daily. The experiment was terminated after 34 days, i.e. when ap- 
proximately 50 % of the Allium-C had been mineralized. Assuming a reasonable A/P-ratio, the remai- 
ning carbon had been converted into microbial metabolites and the !^CO; release from the microcosms 
did thus not longer represent the microbial use of Allium litter. 

'4CO,-C production was calculated from 0.5 ml aliquots of the NaOH solution by scintillation count- 
ing (see Fig. 1 for dates of NaOH replacement). '*C-content of the microbial biomass (14C,,.) was meas- 
ured by means of the fumigation-extraction method (Vance et al. 1987). !4C was extracted from 5 g fu- 
migated and 5 g non-fumigated soil of each experimental container with 20 ml 0.5 M K,SO, and deter- 
mined in 0.5 ml portions of the extracts by scintillation counting (two replicate measurements per sam- 
ple). !4C mic was calculated using the formula [('4C extractable from fumigated soils) — (14C extractable 
from non-fumigated soils)] x 2.22 (Wu et al. 1990). Earthworms were removed at the end of the expe- 
riment, carefully washed in water and individually kept on wet paper in Petri dishes to allow defecation. 
Feces and worms were collected after 24 h and dried (105 °C). '4C content of both substrates was deter- 
mined by scintillation counting after acid digestion of the organic material. 

Statistical analysis was performed by using the STATISTICA-package (StatSoft, Inc.). The signifi- 
cance of treatment effects was tested by means of 2-way ANOVA with the factors ‘litter type’ and ‘earth- 
worm’. Tests for homogeneity of variances, for normality as well as for correlation of means and vari- 
ances revealed that a log-transformation of the cumulative !^CO, data was necessary. Means were com- 
pared using the Tukey’s honestly significant difference (p < 0.05). 


Results 
Comparison of the two litter types 


The time-course of '*CO,-C release was considerably different between the two litter types 
(Fig. la). The initial peak of '4C mineralisation persisted for a much longer period of time and 
was much more pronounced in the treatment with labeled A. ursinum litter than in the pure 
beech litter treatment. In addition, '*CO,-C release constantly remained on a higher level. The 
ANOVA revealed a significant effect of the factor ‘litter type’ on both cumulative 4C mine- 
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relative effect 


time (days) 


Fig. 1. Time-course of !4C mineralisation (F: labeled F sylvatica litter, A: labeled A. ursinum litter, F + 
A: labeled F. sylvatica litter plus non-labeled A. ursinum litter). 
a. ^CO»-C release from the three non-earthworm treatments, b. relative effect of L. rubellus (calculated 


by dividing the average '4CO,-C release from each earthworm treatment by the corresponding value of 
the non-earthworm treatment) 
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Fig. 2. Microbial use of !4C (arithmetic meanz SD; n=4) in different litter treatments (F: labeled F sylva- 


tica litter, A: labeled A. ursinum litter, F+ A: labeled F sylvatica litter plus non-labeled A. ursinum litter) 
a. cumulative '*CO,-C mineralisation, b. '4C incorporation into the microbial biomass 
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Fig. 3. Amount of !4C (mean + SD; n = 4) in the biomass and in the feces of L. rubellus at the end of 
the experiment (F: labeled F. sylivatica litter, A: labeled A. ursinum litter, F + A: labeled F. sylvatica lit- 
ter plus non-labeled A. ursinum litter) 
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Table 1. Results of the ANOVA's on microbial use of labeled litter 


Treatment cumulative C mineralisation microbial biomass 
ug COC g "Cj, ug "Cy, g! "Ciner 
F p F p 
littertype (L) 257.9 00001 7.0 01 
earthworm (E) 20.8 .0001 33 .05 
LxE 10.8 001 34 .05 


ralisation and microbial 4C incorporation (Table 1). These two parameters were significantly 
higher in the non-earthworm treatment with labeled A. ursinum litter than in the correspond- 
ing treatment containing labeled beech litter only (Tukey test; Fig. 2). About 1.6 96 of the car- 
bon from labeled beech litter and 47 96 from labeled A. ursinum litter had been mineralized in 
the non-earthworm treatments during the course of the experiment. Cumulative !4CO;-C 
release from A. ursinum litter was thus approximately 29 times greater than from beech litter, 
while the microbial incorporation of !4C was only increased by a factor of approximately 5. 

Addition of non-labeled A. ursinum litter to labeled beech litter raised 14C mineralisation 
in the non-earthworm treatment to a slightly higher level starting from day 5 until the end of 
the experiment (Fig. 1). Cumulative '4CO,-C release was thus significantly increased (Tukey 
test; Fig. 2a). 


The effect of L. rubellus 


The '^C content of L. rubellus was significantly higher in the treatment containing labeled 
A. ursinum litter than in the treatment containing labeled beech litter (Tukey test; Fig. 3). The 
14C content of the feces, in contrast, was not affected by the litter type. L. rubellus accelerated 
14CO,-C mineralisation of all litter treatments from the beginning (Fig. 1b). While this effect 
increased in the pure beech litter treatment until the end of the experiment, it constantly re- 
mained on a slightly elevated level in the A. ursinum treatment. 

The significant main effects of the factor ‘earthworm’ revealed by the ANOVA (Table 1) 
reflect that L. rubellus generally increased cumulative 14C mineralisation and decreased 
microbial '4C incorporation (Fig. 2). Significant interactions between the factors ‘litter type” 
and ‘earthworm’ indicate, however, that the strength of these effects was different for the lit- 
ter treatments. Though the average effect of earthworms on cumulative !4C-mineralization 
was greater in the treatment containing labeled A. ursinum litter than in the one containing 
pure beech litter (Fig. 2a), the effect of L. rubellus on this parameter was only significant for 
the latter due to the large internal variability in the treatment with labeled A. ursinum litter 
(Tukey test). The reduction of the microbial !4C incorporation, in contrast, was only signifi- 
cant for A. ursinum litter (Fig. 2b). L. rubellus depressed "4C mic to almost identical levels in 
all litter treatments. 

Addition of unlabelled A. ursinum litter modified the effect of the earthworms on the time 
course of 4CO, release from the labeled beech litter in a way that was almost identical to that 
in the A. ursinum treatment (Fig. 1b). It did not, however, alter the effect of L. rubellus on 
cumulative '*C-mineralization and microbial 4C incorporation (Fig. 2). Neither did it affect 
the '4C content of the earthworms or that of the feces (Fig. 3). 


Discussion 

The data presented here clearly prove the substantial contribution of A. ursinum litter to 
microbial C turnover in the investigated beech forest soil. This confirms the conclusions on 
the role of herbaceous litter in forest soils drawn by Wise & Schaefer (1994). The impact of 


A. ursinum litter on decomposition processes might be temporarily very strong, because 
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enormous amounts of senescent leaves reach the ground of the investigated forest ecosystem 
in a pulse between early June and July (Eggert 1992). GoZ (1984) has pointed out that the in- 
verse relationship between understory and overstory litterfall has significant implications for 
the function of forest ecosystems. High C mineralisation rates show that A. ursinum litter 
forms a C source which is readily available to the decomposer microflora. Taking the low de- 
composability of beech litter into account (Edwards & Heath 1975), A. ursinum litter may 
thus partly compensate for a potential C deficit in early summer. 

A comparison of the two litter types shows a disproportionate alteration of microbial C use 
in the A. ursinum treatment, i.e. the ^C mineralisation increased much more strongly than the 
microbial 4C incorporation. The metabolic quotient q!4CO, calculated from the average 
amount of '4CO,-C evolved during the experiment revealed much higher values for A. ursi- 
num litter (0.066 ug '4CO,-C mg-! 4C, h-!; cf. Pirt 1975) than for beech litter (0.011), indi- 
cating significant differences between the microflora colonizing the two litter types. Meta- 
bolic quotients should be interpreted with great care, but high values probably indicate en- 
hanced nutrient cycling per unit biomass (Priha & Smolander 1994). The strong increase of 
nitrate leaching measured by Scheu (1997) after placing nettle litter on a beech forest soil can 
possibly be explained by a similar mechanism, i.e. low metabolic efficiency of the microflora 
colonizing the herbaceous litter. The increased storage capacity resulting from the greater 
microbial biomass in the A. ursinum treatment probably does not compensate for the enhan- 
ced nutrient cycling related to the high metabolic activity of the microflora colonizing A. ur- 
sinum litter. Enhanced nutrient cycling may even be amplified by the fact that A. ursinum lit- 
ter also increased the metabolic quotient of the microflora decomposing beech litter. A. ursi- 
num litter may thus significantly increase the nutrient availability in the soil of the Göttinger _ 
Wald area in early summer when the nutrient demand of beeches is very high. This hypothe- 
sis is supported by the investigations of Jandl et al. (1997) on the effect of A. ursinum on soil 
fertility in Austrian beech forests. It also fits very well with the conclusion that nutrient avail- 
ability is greater in mixed-litter than in litter of a single species (Chapman et al. 1988; Blair 
et al. 1990). i 

L. rubellus used C from beech litter and from A. ursinum litter for biomass production. The 
fact that the 14C content of fecal material was not significantly different for the two litter ty- 
pes suggests that the strong incorporation of carbon from A. ursinum litter was rather due to 
the better usability of this C source than to selective ingestion. The increased C mineralisa- 
tion of labeled beech litter in the earthworm treatment as well as the decreased microbial C 
incorporation is consistent with the results of an earlier experiment using the endogeic earth- 
worm Aporrectodea caliginosa (Savigny) (Wolters & Joergensen 1992). It confirms that 
small and fast growing microorganisms are strongly favored in freshly deposited casts and 
burrows of earthworms (Edwards & Bohlen 1996; Lavelle 1997). Stimulation of C minerali- 
sation by earthworms can partly be explained by bioturbation and increased N availability, 
but other factors such as P availability may also be important (Scheu 1990; Wolters & Schae- 
fer 1993). The fact that the modification of microbial C use by L. rubellus was similar for the 
two litter types indicates that the effect of this earthworm species is not fundamentally altered 
by litter quality. Theenhaus & Scheu (1996) have studied the response of the microflora in 
fecal material of the slug Arion rufus deposited after feeding on various plant materials. They 
found that microbial growth in fresh (3-20 days) cast material of beech leaf litter is primarily 
limited by N availability, whereas it is limited by C availability in cast material of A. ursinum 
leaves. The data reported here suggest that the situation might be somewhat different in earth- 
worm casts. Very high metabolic quotients in the earthworm treatments with beech litter 
(0.168 ug 4CO,-C mg !4C,,,-! h-!) and with A. ursinum litter (1.413) indicate that C availa- 
bility might be of minor importance. The fact that the addition of N rich A. ursinum litter did 
not alter the effect of L. rubellus on microbial C turnover further shows that C and N avail- 
ability did not limit the microbial use of beech litter in earthworm worked soils. The strong 
depression of '4C,,;. to almost identical values in both litter treatments nevertheless proves 
that microbial growth was strongly limited by external variables not controlled in this experi- 
ment. 
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